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A B S T R A C T
V an  B allaer ,  E .,  A m a t ,  F . ,  H o n to r i a ,  F . ,  L éger ,  P. a n d  So rg e lo o s ,  P.,  1 9 8 5 .  P re l im in a ry  
re su l ts  o n  t h e  n u t r i t i o n a l  e v a lu a t io n  o f  u>3-H U F A -enr iched  A r t e m ia  n au p l i i  f o r  larvae 
o f  t h e  sea  bass ,  D ic en tra rch u s  labrax. A q u a c u l tu r e ,  4 9 :  2 2 3 —2 2 9 .
F re sh ly  h a tc h e d  S a n  P a b lo  B ay  a n d  G re a t  Sa l t  L ak e  A r t e m ia  n au p l i i  ( c j3 -H U F A -  
p o o r )  a n d  e n r ic h ed  m e ta -n a u p l i i  ( to 3 -H U F A -e n r ic h e d )  w e r e  c o m p a r e d  t o  R e fe re n c e  
A r te m ia  n au p l i i  ( to 3 -H U F A -r ic h )  a s  a fo o d  so u rc e  fo r  t h e  larvae o f  t h e  sea  bass,  Di­
c en tra rch u s  labrax.  S ig n if ican t  d i f f e re n ce s  in  survival a n d  b io m a ss  p r o d u c t i o n  b e tw e e n  
th e  t r e a tm e n t s  c o u ld  b e  a t t r i b u t e d  to  t h e  to 3 -H U F A  c o n t e n t  o f  t h e  f o o d .  A d e la y ed  
m o r ta l i t y  in fish larvae  fed  th e  G re a t  Sa l t  L a k e  A r t e m ia  is s u s p e c te d  to  b e  c au s ed  b y  a 
high level o f  cv-BHC in th is  A r t e m ia  so u rce .  G r o w th  w as  n o t  s ign if ican tly  d i f f e re n t  b e ­
tw e e n  th e  t r e a tm e n ts ,  m o s t  p r o b a b ly  d u e  to  t h e  large  v a r ia t io n  in  g r o w th  r a te  w i th in  
t h e  t r e a tm e n t s ,  as well  a s  t h e  lo w  n u m b e r  o f  surviv ing fish in so m e  t r e a tm e n ts .
IN T R O D U C T I O N
G row th  and survival o f  m arine fish larvae are o ften  influenced by the 
size an d /o r the  d ietary  value o f th e  organism s used as food  (Sorgeloos, 
1981a). It is well know n th a t  n o t all strains o f A rtem ia  guarantee equal 
cu ltu re  success in aq uacu ltu re  hatcheries (Léger and  Sorgeloos, 1984). 
R ecen t investigations have ind icated  th a t  substan tial am ounts o f essential 
fa tty  acids, i.e. th e  h igh ly-unsatura ted  fa tty  acids 2 0 :5 w 3  and 22:6co3, 
largely determ ine the  nu tritio n a l effectiveness of A rtem ia  nauplii and of 
Brachionus  as food  fo r larval m arine finfish (e.g. W atanabe e t al., 1978; 
F u jita  e t al., 1980) and crustaceans (Léger et al., 1985a, b). N utritional 
tests w ith larval sea bass, D icentrarchus labrax, fed w ith  enriched rotifers 
Brachionus plicatilis (G atesoupe and L uquet, 1981; G atesoupe and Robin, 
1982) o r w ith enriched A rtem ia  nauplii (R obin  e t al., 1981) have demon-
* H ighly  u n s a tu r a t e d  f a t t y  acid .
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s t ra n d  th a t the  use o f fortified  diets in the ha tchery  can m arkedly im prove 
sea bass cu lture. None o f these studies, how ever, provided analytical data 
on fa tty  acid levels in the  larval food , before and afte r en richm ent w ith 
H U F A ’s.
T he p resen t experim ent was designed to  evaluate cu 3-HU FA -poor A rtem ia  
prefed  on  a co 3-HUFA-rich d ie t as food  fo r the larvae o f Dicentrarchus 
labrax.
M E T H O D S  A N D  M A T E R I A L S
A rtem ia  cysts from  San Pablo Bay, California, U.S.A. (SPB 1628) and 
from  th e  N orth  A rm  of th e  G reat S alt Lake, U tah, U.S.A. (GSL NA) were 
selected as co3-HUFA-poor A rtem ia  sources (Schauer e t al., 1980; own 
results). R eference A rtem ia  cysts (RAC) were used as a positive con tro l 
fo r co 3-HUF A -rich A rtem ia  (Sorgeloos, 1981b). Cysts were incubated  in 
natu ra l seaw ater (38  p p t) u n d e r con tinuous aeration  and artificial illum ina­
tion.. A fte r harvest a t  T 90 hours (V anhaecke and Sorgeloos, 1982 ; see 
Table 1), instar I nauplii were separated  from  th e  hatching debris and tran s­
ferred  to  fresh seaw ater. Enriched A rtem ia  nauplii were p repared  as fol­
lows: a fte r th e  H U FA  enrichm ent p ro d u c t AA 18 (Léger et al., 1985a) had 
been hom ogeneously  m ixed w ith the  dry cysts at a ra tio  o f 1 :5  th ey  were 
incubated  in  n a tu ra l seaw ater un d er th e  sam e cond itions as m entioned  
above. In order to  provide suffic ien t tim e fo r b ioencapsulation  of th e  en­
richm en t d ie t in the  A rtem ia  m eta-nauplii, the  incubation  tim e was p ro long­
ed fo r 24 h upon  instar I nauplii p rod u c tio n , i.e. T 90  + 24 h (see Table 1).
T A B L E  1
E x p e r im e n ta l  t r e a tm e n t s  an d  h a tc h in g  c o n d i t i o n s  f o r  th e  p r o d u c t i o n  o f  i n s ta r  I and  
e n r ic h ed  A r te m ia  nauplii
T r e a tm e n t A b b re v ia t io n D e n s i ty  
(g p ro d u c t /1 )
T e m p e r a t u r e  I n c u b a t io n  
(°C) t im e  (h)
S a n  Pab lo  B a y  1 6 2 8  
in s ta r  I SPB I 2 25 2 2
G r e a t  Sa l t  L ak e  
N o r t h  A r m  in s ta r  I G S L  I 2 25 22
S a n  Pab lo  B ay  1 6 2 8  
+ A A 1 8  e n r ic h m e n t  
die t SP B  ED 3 30 4 6
G r e a t  S a l t  L ak e  
N o r t h  A r m  + A A 1 8  
e n r ic h m e n t  d ie t G S L  E D 3 30 46
R e f e r e n c e  A r t e m ia  
c y s ts  in s ta r  I R A C 2 25 2 6
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Enriched m eta-nauplii were harvested  from  the  hatch ing  debris and th o r­
oughly rinsed in order to  rem ove the  non-consum ed food  particles.
In the  cu ltu re  tes ts  w ith  th e  d iffe ren t A rtem ia  p repara tions 480 D icentrar­
chus larvae were used. These larvae had been fed  on  Brachionus plicatilis 
from  day 3 to  day 37 afte r hatching. R otifers w ere reared on  b ak e r’s yeast 
and enriched w ith  P latym onas  sp. p rio r to  th e ir tran sfer to  th e  fish tanks. 
A t day 37 D icentrarchus larvae were transferred  in to  2 1 cylinders, exposed 
to  natu ral ligh t cond itions, and stocked  w ith  10 larvae p er 1 (4 replicates 
per trea tm en t) . C u ltu re w ate r (salin ity  38 p p t, 18—23°C, pH  = 8.3) was 
renew ed a t a flow  ra te  o f  2 1 h -1.
Sea bass larvae w ere fed tw ice a day (m orning and evening) a t th e  begin­
ning o f th e  experim en t and once a day tow ards th e  end. A fter th e  first 
feeding, A rtem ia  nauplii w ere stored  a t 4°C (Léger e t al., 1983). The initial 
density  o f one nauplius per ml was ad justed  daily in order to  ensure ad- 
lib itum  feeding o f the  larvae. P rior to  feeding, dead fish larvae, debris and 
non-consum ed A rtem ia  w ere rem oved. Survival was recorded  daily, and afte r 
19 days on the  A rtem ia  d ie t individual length  and w et w eight were d e te r­
m ined. Biomass p ro d u c tio n  was calculated  from  th e  m ultip lication  o f 
individual w et w eight by p ercen t survival. D ata were trea ted  statistically  
in a one-way. analysis o f variance, and D u n can ’s m ultip le range te s t was 
used to  determ ine significant differences am ong m eans. P rior to  analysis, 
survival d a ta  w ere norm alized th rough  arcsin \/~ ^ -tran sfo rm a tio n  (Snedecor 
and Cochran, 1967).
The fa tty  acid profile o f freshly hatched  and enriched A rtem ia  was 
determ ined . A fter hom ogenization  w ith  an ultrasonic  hom ogenizer, lipid 
ex trac tio n , saponifica tion  and estérification  w ere done according to  the 
p rocedure  described in Schauer and S im pson (1978). F a tty  acid m ethyl 
esters were in jected  o n  a capillary colum n (25  m fused silica, 0 .32 mm 
I.D .; liquid phase, Silar 10C; film  th ickness, 0.3 p m )  installed on a Carlo 
E rba F ractovap 2330 gas chrom atograph . O perating conditions were as 
follows: solid in jecto r; H 2 carrier gas a t a flow  ra te  o f 1.9 m l m in -1; F.I.D . 
d e tec tio n ; oven tem p era tu re  program m e, 154°C to  200°C a t 1.5°C m in -1. 
Peak id en tifica tion  and quan tifica tion  was done w ith  a calibrated  p lo tter- 
in teg ra to r (H ew lett Packard 3390A ). T he in ternal standard  procedure , 
w ith  2 0 :2 c j 6 as an  in ternal standard , was used fo r quan tita tive  analysis.
R E S U L T S
F a tty  acid analysis (Table 2) revealed considerable differences in 20:5co3 
c o n ten t betw een in star I nauplii in San Pablo Bay, G reat S alt Lake and 
reference A rtem ia . A fte r en richm en t o f th e  fo rm er strains, 20:5co3 con­
cen tra tions increased and substan tial levels o f 22:6co3 w ere d e tec ted ; to ta l 
co3-HUFA co n ten ts  in enriched  A rtem ia  app rox im ated  th e  level found 
in reference A rtem ia .
Survival and biom ass p ro d u c tio n  o f larval D icentrarchus labrax show ed
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T A B L E  2
F a t t y  acid  m e th y l  e s te rs  (F A M E )  in f r e s h ly -h a tc h e d  a n d  e n r ic h ed  A r te m ia  naup li i  (mg 
f a t t y  acid  m e th y l  e s te r  p e r  g A r t e m ia  d ry  w e ig h t ;  a b b re v ia t io n s  as in T ab le  1)
F A M E R A C G S L  I SPB I G S L  ED SPB ED
2 0  :5 oj 3 10 .6 0 .3 0.5 3.4 2.2
2 2 :  6co 3 — — — 2.3 3.1
oj3 - H U F A ‘ 1 1 .2 0 .5 2.6 6.7 9 .6
1 T o ta l  a m o u n t  o f  cu3-highly  u n s a t u r a t e d  f a t t y  ac ids  (2 0 :3 cu 3 ,  2 0 :4 co 3 ,  20 :5u>3 ,  22 :3cu3 ,  
2 2 :4w3, 22:5tu3,  22:6cu3).
T A B L E  3
Surviva l,  m e a n  len g th ,  m e a n  w e t  w e ig h t  a n d  b io m a s s  p r o d u c t i o n  d a ta  fo r  larval D icen trar­
chus  labrax  a f t e r  19  d a y s  o f  A r te m ia  feed ing  ( a b b re v ia t io n s  as in T ab le  1)
SPB I G S L  I ' SP B  ED G S L  ED R A C
Survival (%) 15 .6° 1.4 9 3 . 0 a 6 6 . 5 b 9 2 . 3 a
SD 4.2 — 6.3 12 .1 5.5
M e a n  len g th  (m m ) 1 8 . 2a 20 .9 1 9 .6 a 1 8 .2 a 1 9 .4 a
SD 1.6 — 1.3 1.8 0.9
M e a n  w e t  w e ig h t  (m g) 4 3 . 8 a 52 .0 6 0 .5 a 5 0 . 0 a 5 8 .0 a
SD 11 .8 — 12.9 11.8 7.6
B iom ass  p ro d ,  (m g %) 6 5 3 .9 ° 72 .8 5 6 5 2 . 3 a 3 4 0 2 . 5b 5 3 2 3 .0 a
SD 1 0 1 .2 — 1 3 4 6 .8 1 2 6 0 .4 4 3 5 .4
1 O n ly  o n e  larva le f t  a t  d a y  5 6 ;  G S L  I d a ta  a re  th e r e f o r e  n o t  in c lu d e d  in s ta t i s t ica l  analysis.  
SD: s t a n d a r d  d e v ia t io n .
a ’b ’c M eans  w i th  d i f f e re n t  su p e r sc r ip t s  a re  s ig n i f ic a n t ly  d i f f e r e n t  (P  = 0 .0 5 ) .
% survival
t i m e  (days )
t ? : - .  i  o  :  i  _ c  i i   r  í  J i f f — — a  i- :  „ —
5 0 -
S P B  I G S L  I S P B  ED G S L  E O  R A C  x
t r e a t m e n t
Fig. 2. B iom ass  p r o d u c t i o n  o f  sea bass  larvae fed  d i f f e r e n t  A r t e m ia  p re p a ra t io n s  (ex' 
p ressed  in % o f  t h e  R A C  t r e a t m e n t ;  a b b rev ia t io n s  as  in T a b le  1).
substan tial differences betw een the enriched and non-enriched treatm ents 
(Table 3; Figs. 1 and 2). A considerable im provem ent was noticed aftei 
prefeeding SPB and GSL A rtem ia  w ith  th e  co3-HUFA-rich d ie t AA18. 
i.e. RAC and enriched SPB trea tm en ts  gave equal biom ass yields. Biomass 
p ro d u c tio n  in the  G SL-enriched tre a tm e n t was low er due to  increased 
m ortalities at th e  end o f th e  te s t (Fig. 1). A lthough m ortalities started 
only later, reduced  activ ity  o f the  sea bass larvae was no ticed  by day 1 
and day 10 fo r th e  instar I trea tm en ts  w ith  GSL and SPB A rtem ia , respec­
tively. Unlike the  m arked differences in survival rates, grow th differences 
(e.g. m ean length  or weight) am ong the  d iffe ren t trea tm en ts were not 
significant.
D IS C U S S IO N
The resu lts ob ta ined  in this study  confirm  th e  d iffe ren t nu tritio n a l value 
o f various A rtem ia  strains as food  fo r larval m arine fish. Furtherm ore, 
additional evidence is provided th a t the  d ie tary  value o f A rtem ia  can be 
corre la ted  w ith  differences in co 3-HUFA levels in the  nauplii.
A lthough th e  im pact o f essential fa tty  acids is m ost p ronounced  on 
larval survival, its effec t on  grow th  appears to  be m inim al. This should 
n o t be generalized since o u r length and w eight d a ta  have little  statistical 
value, as a resu lt o f large variations in grow th w ith in  trea tm en ts , as well 
as a low level o f survival in som e trea tm en ts. New experim ents are needed, 
w ith  larger num bers o f anim als per trea tm en t.
T ow ards th e  end o f the  te s t period  a significant m o rta lity  occurred  in 
th e  w 3-H U FA -enriched GSL trea tm en ts . Aside from  n u tritio n a l differences, 
th e  th ree  A rtem ia  strains used here varied also in th e ir levels o f  contam ina-
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tion , the  m ost im p o rtan t d ifference being the  high level o f the  pesticide 
residue a-BHC in the  GSL NA A rtem ia  (O lney e t al., 1980; K. Sim pson, 
personal com m unication , 1984). Pesticide accum ulation  in the  sea bass 
larvae m ight explain the  m orta lity  in the  enriched GSL trea tm en t as well 
as the  earlier m o rta lity  in fish fed GSL th an  in those fed SPB instar I nauplii.
These results, w hich should be verified in new  cu ltu re  tests o f longer 
du ra tio n , indicate th a t  co3-HUFA co n ten t has only a partia l role in the 
determ ina tion  o f th e  n u tritiona l value o f A rtem ia , at least w hen using the 
A rtem ia  strain from  th e  G reat Salt Lake, N o rth  A rm , as food  fo r m arine 
fish larvae.
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